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Claims 

1. A CR compound electronic component, characterized by the fact that dielectric layers 
and internal electrodes are laminated in an alternating fashion; the above-mentioned internal 
electrodes and terminal electrodes formed at the ends of a CR compound electronic component 
are electrically connected to provide a capacitor; the above-mentioned internal electrode has any 
of Cu, Ni, or Cu-Ni alloy as the main component of an electroconductive material; and as 
auxiliary components, one or more from P, Cr, Fe, Al, Si, Co, W, Mn, Sn, Mo, and B are used. 
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2. The CR compound electronic component of Claim 1, characterized by the fact that the 
above-mentioned auxiliary components are included at 0.01-30 wt% to the total amount of 
electroconductive material. 

3. The CR compound electronic component of Claim 1 or 2, characterized by the fact that 
an equivalent circuit includes a CR or (LC) R serial circuit. 

4. The CR compound electronic component of any of Claims 1-3, characterized by being 
a laminated ceramic chip capacitor. 

5. A method for manufacturing the CR compound electronic component, characterized by 
the fact that a green chip is formed by laminating dielectric layers and internal electrode layers 
composed of any of Cu, Ni, or Cu-Ni alloy as the main component of an electroconductive 
material and one or more from P, Cr, Fe, Al, Si, Co, W, Mn, Sn, Mo, and B as auxiliary 
components in an alternating fashion; a chip is formed by baking the green chip; and a paste for 
terminal electrodes is spread on the chip and baked in a neutral or reducing atmosphere, so that 
the CR compound electronic component of any of Claims 1-4 is obtained. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

The present invention pertains to a CR compound electronic component in which a 
resistor or imgedanc^jdemenU^ added to a laminated capacitor having nonmagnetic ceramic 
dielectric layers. 

[0002] 
Prior art 

In many of power sources of electronic equipments, a switching power supply or DC-DC 
converter is currently used. There is a capacitor for a power bypass used in these power sources. 
As the capacitor for a power bypass, a low-capacity laminated ceramic capacitor and a 
high-capacity aluminum or tantalum electrolytic capacitor have been used in accordance with the 
circuit parameters such as power source capacitor, switching frequency, and smoothing choke 
coil being used together. On the other hand, the electronic capacitor easily obtains a large 
capacitance and is excellent as a capacitor for a power bypass (for smoothing), however it is 
large in scale, inferior in a low-temperature characteristic, and is likely to be short-circuited. 
Furthermore, since its internal impedance is relatively high, loss due to an equivalent serial 
resistance (ESR) is steadily generated, so that heat is generated. Furthermore, its frequency 
characteristic is poor, and its smoothness eventually deteriorates. Also, along with the thin layer 
formation of dielectrics and internal electrodes of a laminated ceramic capacitor and the 
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development of lamination techniques through recent technical innovations, the electrostatic 
capacity of the laminated ceramic capacitor has approached the electrostatic capacity of the 
electrolytic capacitor. For this reason, various attempts to substitute the electrolytic capacitor by 
a laminated ceramic capacitor have also been made. 

[0003] 

As a factor involved in smoothing action in the capacitor for a power bypass, ripple noise 
is important. The degree of suppression of the ripple noise is determined by the equivalent serial 
resistance (ESR) of the capacitor. Here, if the ripple voltage is AVr, the current flowing in the 
choke coil is Ai, and the equivalent serial resistance is ESR, the ripple voltage is expressed by 
AVr = Ai x ESR, and it is understood that the ripple voltage is suppressed by lowering the ESR. 
Therefore, it is preferable to use a capacitor with a low ESR in a power bypass circuit, and an 
attempt to use a laminated ceramic capacitor with a low ESR in a power supply circuit is also 
made. 

[0004] 

On the other hand, in a secondary side circuit such as DC-DC converter having a 
feedback circuit or switching power supply, the ESR of a smoothing circuit has a large influence 
on the phase characteristic of a feedback loop, and especially, if the ESR is very low, problems 
are caused. In other words, in case the laminated ceramic capacitor with a low ESR is used as a 
smoothing capacitor, a secondary side smoothing circuit is equivalently constituted by only L 
and C components, and the phase components existing in the circuit are only ± 90° and 0°, so that 
the margin of the phase disappears, thereby easily causing oscillating. A similar phenomenon 
also appears as an oscillating phenomenon such as load variation in a power supply circuit using 
a three-terminal regulator. 

[0005] 

For this reason, various so-called CR compound electronic components in which a low 
resistance component is added to the laminated ceramic capacitor are also proposed. For 
, example, in Japanese Kokai Patent Application No. Hei 8[1996]-45784, a compound electronic 
component in which the ends of a laminated ceramic capacitor are formed of a semiconductor by 
using a carbide and a reducing agent is described. However, in its manufacturing method, a paste 
for an external electrode is spread on a laminated ceramic capacitor and once temporarily baked 
in a reducing atmosphere, a binder is carbonized and left behind. Furthermore, the 
above-mentioned carbide acts as a reducing agent by baking at 700-750°C, so that a 
semiconductor is formed. Also, the resistance value is controlled by the amount of reducing 
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agent. However, in this method, the process for forming a semiconductor is complicated, and if a 
process for forming terminal electrodes is included, a heat treatment is required three times, so 
that the productivity is lowered and the energy cost is raised. Furthermore, since the resistance 
value is controlled by the amount of reducing agent, a desired value is difficult to be accurately 
obtained, the circuit design is difficult, scattering of products is large, and the yield of the mass 
production is also poor. 

[0006] 

Also, for example, as described in Japanese Kokai Patent Application No. Sho 
59[1984]-225509, a resistor paste such as ruthenium oxide is laminated on a laminated ceramic 
capacitor and simultaneously baked to form a resistor. However, in the case the terminal / 
electrodes are installed as is, the equivalent circuit becomes a C/R or (LC)/R parallel circuit, and 
a serial circuit cannot be obtained. Also, in order to obtain the serial circuit, the shape of the 
terminal electrodes is complicated, so that the manufacturing processes are complicated. 

[0007] 

In Japanese Kokoku Patent No. 2578264, a CR compound component in which a desired 
equivalent serial resistance is attained by installing a metal oxide film on the surface of an 
external electrode is described. However, in the CR compound component described in the 
application example of said publication, since a metal oxide film is formed by heat-treating the 
terminal electrodes of nickel, the resistance value is adjusted by adjusting the thickness of the 
metal oxide film. For this reason, a desired resistance value is difficult to obtain, the adjustment 
of the resistance value is complicated, and the mass producibility is inferior. Also, the nickel 
layer is formed on the formed metal oxide film by an electroless plating, however in this method, 
it is necessary to install a mask so that plating will not attach to parts other than the terminal 
parts, and the manufacturing processes are increased. Furthermore, the adhesion of the nickel 
plating and the metal oxide film attached is poor, and when a lead wire is installed at the nickel 
plating, the lead wire is easily peeled off. 

[0008] 

Also, there is a method that serially connects a resistor to a smoothing capacitor. 
However, the cost is high, and the method is impractical. 
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[0009] 

Problems to be solved by the invention 

The purpose of the present invention is to provide a CR compound electronic component, 
in which no special baking conditions are required, baking under the same conditions as those of 
an ordinary laminated ceramic capacitor is possible, the manufacturing processes are also simple, 
the production cost is low, a CR or (L/C) R serial circuit is simply obtained, the control of the 
resistance value is easy, and the adhesive strength of a lead wire is strong, and its manufacturing 
method. 

[0010] 

Means to solve the problems 

The above-mentioned purpose is achieved by the following constitutions (l)-(5). 

(1) A CR compound electronic component, characterized by the fact that dielectric layers 
and internal electrodes are laminated in an alternating fashion; the above-mentioned internal 
electrodes and terminal electrodes formed at the ends of a CR compound electronic component 
are electrically connected to provide a capacitor; the above-mentioned internal electrode has any 
of Cu, Ni, or Cu-Ni alloy as the main component of an electroconductive material; and as 
auxiliary components, one kind or two kinds or more from P, Cr, Fe, Al, Si, Co, W, Mn, Sn, Mo, 
and B are used. 

(2) The CR compound electronic component of the above-mentioned (1) in which the 
above-mentioned auxiliary components are included at 0.01-30 wt% to the total amount of 
electroconductive material. 

(3) The CR compound electronic component of the above-mentioned (1) or (2) in which 
an equivalent circuit includes a CR or (LC) R serial circuit. 

(4) The CR compound electronic component of any of the above-mentioned (l)-(3) as a 
laminated ceramic chip capacitor. 

(5) A method for manufacturing the CR compound electronic component characterized 
by the fact that a green chip is formed by laminating dielectric layers and internal electrode 
layers composed of any of Cu, Ni, or Cu-Ni alloy as the main component of an electroconductive 
material and one or more from P, Cr, Fe, Al, Si, Co, W, Mn, Sn, Mo, and B as auxiliary 
components in an alternating fashion; a chip is formed by baking the green chip; and a paste for 
terminal electrodes is spread on the chip and baked in a neutral or reducing atmosphere, so that 
the CR compound electronic component of any of the above-mentioned (1)«(4) is obtained. 
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[0011] 

Embodiments of the invention 

In the CR compound electronic component of the present invention, dielectric layers and 
internal electrodes are laminated in an alternating fashion, the above-mentioned internal 
electrodes and terminal electrodes formed at the ends of the CR compound electronic component 
are electrically connected to provide a capacitor, the above-mentioned internal electrode has any 
of Cu, Ni, or Cu-Ni alloy as the main component of an electroconductive material, and as 
auxiliary components, one or more from P, Cr, Fe, Al, Si, Co, W, Mn, Sn, Mo, and B are used. 
The above-mentioned main component and the above-mentioned auxiliary components form a 
solid solution by baking, so that an alloy with a resistivity greater than that of Ni is attained. 
Thus, the internal electrodes exert a function as a conductor and also have a function as a resistor 
by raising the resistivity of the internal electrodes, so that the CR compound electronic 
component in which the equivalent serial resistance (ESR) is controlled is obtained. 

[0012] 

In other words, the main component of the electroconductive material for the internal 
electrodes is any of Cu, Ni, or an alloy thereof, and as the auxiliary component, elements being 
metals with a resistivity greater than that of Ni by forming a solid solution with the 
above-mentioned main component are included. The Cu, Ni, or alloy thereof and the auxiliary 
component form a solid solution by baking, so that an alloy is attained. Thereby, the resistivity of 
the internal electrodes is raised. The function as a resistor is given to the internal electrodes, so 
that dTCR or (LC) R circuit can be easily obtained. In this case, it is not necessary to basically 
change the formation of the terminal electrodes and the plated layer of the conventional 
laminated ceramic capacitor, and the manufacturing processes are also simple. 

[0013] 

The main component of the electroconductive material is Ni, Cu, or Ni-Cu alloy as a base 
metal. Also, 99.9-70 wt% Ni is preferable in the Ni-Cu alloy. 

[0014] 

The auxiliary components being added to the main component are elements being metals 
with a resistivity greater than that of Cu by forming a solid solution with any of Cu, Ni, or these 
alloy, and as these elements, P, Cr, Fe, Al, Si, Co, W, Mn, Sn, Mo, or B can be mentioned. They 
may be added alone or used in combination of two or more. In case two kinds or more of 
auxiliary components are added, the mixture ratio is optional. These auxiliary components are 
added in a range of preferably 0.01-30 wt%, more preferably 0.1-20 wt%, and especially 
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1- 15 wt% to the total amount of electroconductive material. With the addition of the auxiliary 
components in the above-mentioned range, preferably, the ESR is controlled to a desired value, 
and the baking characteristic can be maintained high. 

[0015] 

The thickness of the internal electrode layer may be appropriately determined in 
accordance with the intended use, and it is preferably 0.1-5 ^m, more preferably 0.5-5 |xm, and / 
especially 0.5-2.5 jim. 

[0016] 

The method for forming the internal electrodes is not particularly limited, and methods 
being used in the formation of ordinary internal electrodes can be used. Preferably, an internal 
electrode paste is printed on a dielectric sheet by a screen printing method and dried, and a 
dielectric sheet is superposed on it. This work is carried out in an alternating fashion, so that a 
green sheet in which the internal electrode is laminated can be obtained. Then, the green sheet on 
which the internal electrode is laminated is cut into a prescribed chip shape and baked in a 
reducing atmosphere, so that the internal electrode along with the dielectric is sintered. At that 
time, the auxiliary components of the electroconductive material form a solid solution with the 
main component and are alloyed, so that the resistance of the internal electrode is raised. 

[0017] 

Dielectric layer 

The dielectric material constituting the dielectric layer is not particularly limited, and 
various dielectric materials may be used. For example, titanium oxide group, titanic acid group 
composite oxide, or a mixture of these are preferable. As the titanium oxide group, Ti0 2 
containing NiO, CuO, Mn 3 0 4 , A1 2 0 3 , MgO, Si0 2 , etc., at about 0.001-30 wt% in total as needed, 
etc., are mentioned, and as the titanic acid composite oxide, barium titanate BaTiC>3, etc., are 
mentioned. The atomic ratio of Ba/Ti may be about 0.95-1.20, and MgO, CaO, Mn 3 0 4 , Y 2 0 3 , 
V 2 0 5 , ZnO, Zr0 2 , Nb 2 0 5 , Cr 2 0 3 , Fe 2 0 3 , P 2 0 5 , SrO, Na 2 0, K 2 0, etc., may also be included at 
about 0.001-30 wt% in total in the BaTi0 3 . Also, for the adjustment of the sintering temperature 
and the linear expansion rate, glasses such as (BaCa)Si0 3 glass may also be included. 

[0018] 

The thickness for each layer of the dielectric layers is not particularly limited^ and it is 
usually about 5-20 ^im. Also, the number of dielectric layers being laminated is usually about 

2- 300. 



8 



[0019] 

Terminal electrode 

The electroconductive material being included in the terminal electrodes (external 
electrodes) is not particularly limited, and inexpensive Ni, Cu, or these alloy are preferably used, 
and Cu is especially preferable. The thickness of the terminal electrodes may be appropriately 
determined in accordance with the usages, and it is usually about 10-100 |xm. After forming the 
external electrodes, a metal plated layer such as Ni, Sn, and solder, especially Ni and solder is 
preferably installed. With the installation of the metal plated layer, the solder wettability, etc., are 
improved. As the metal plated layer, one layer or two or more layers may be installed, and two 
layers are especially preferably formed in order of Ni/solder. 

[0020] 

Next, the method for manufacturing the CR compound electronic component of the 
present invention is explained. 

[0021] 

The CR compound electric component of the present invention can be manufactured by 
preparing a green sheet by an ordinary printing method or sheet method using a paste, printing or 
transferring a terminal electrode paste to both ends of the chip, and simultaneously baking them. 

[0022] 

Paste for internal electrode layer 

The paste for the internal electrodes can be obtained by constituting an electroconductive 
material by adding one kind or more from P, Cr, Fe, Al, Si, Co, W, Mn, Sn, Mo, and B as the 
auxiliary components to Ni, Cu, or an alloy thereof as the above-mentioned main component, 
dispersing it into an organic binder, and mixing them by three rolls, ball mill, etc. The content of 
the electroconductive material in the paste for the internal electrode of the electroconductive 
material is preferably 30-70%. 

[0023] 

The organic binder is not particularly limited, and an organic binder may be appropriately 
selected from general binders of ceramic materials. As an organic binder, ethyl cellulose, acrylic 
resin, butyral resin, etc., can be preferably mentioned. As a solvent, terpineol, butyl carbitol, 
kerosene, etc., are mentioned. The content of the organic binder and the solvent in the paste may 
be an ordinary amount, and 1-5 wt% organic binder and 10-50 wt% solvent are preferable. 
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Furthermore, various kinds of dispersants may also be included as needed in the paste for the 
internal electrode, and their total amount is preferably 1 wt% or less. 

[0024] 

Paste for dielectric layer 

The paste for the dielectric layer is manufactured by kneading a dielectric raw material 
and an organic vehicle. 

[0025] 

As the dielectric raw material, a powder corresponding to the composition of the 
dielectric layer is used. The method for manufacturing the dielectric raw material is not 
particularly limited, and in case barium titanate is used as a titanic acid group composite oxide, a 
method that mixes an auxiliary component raw material with BaTiC>3 synthesized by 
hydrothermal synthesis method, etc., can be used. Also, a dry synthesis method, in which a 
mixture of BaCC>3, TiC>2 and an auxiliary component raw material are temporarily baked and 
solid-phase reacted, or a hydrothermal synthesis method may be used. Also, a mixture of a 
precipitate obtained by coprecipitation, sol-gel method, alkali hydrolysis method, precipitation 
mixing method, etc., and an auxiliary component raw material may be temporarily baked and 
synthesized. Also, as the auxiliary component raw materials, at least one kind from oxides or 
various kinds of compounds being oxides by baking, for example, carbonate, oxalate, nitrate, 
hydroxide, and organic metal compounds can be used. 

[0026] 

The average particle diameter of the dielectric raw material may be determined in 
accordance with the average crystal grain diameter of the dielectric layer, and a powder with an 
average particle diameter of about 0.3-1.0 jam is usually used. 

[0027] 

The organic vehicle is obtained by dissolving a binder in an organic solvent. The binder 
being used in the organic vehicle is not particularly limited, and it may be appropriately selected 
from various kinds of ordinary binders such as ethyl cellulose. Also, the organic solvent being 
used is not particularly limited, and it may be appropriately selected from various kinds of 
organic solvents such as terpineol, butyl carbitol, acetone, and toluene in accordance with the 
method being used, such as a printing method and sheet method. 
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[0028] is 
Paste for terminal electrode 

The paste for the terminal electrodes may be prepared by kneading the above-mentioned 
various kinds of electroconductive metals or alloys or various kinds of oxides being the 
above-mentioned electroconductive material, organic metal oxide, resinate, etc. 

[0029] 

Organic vehicle content 

The content of the organic vehicle in the above-mentioned paste is not particularly 
limited, and an ordinary content, for example, about 1-5 wt% binder and about 1-50 wt% 
solvent, may be used. Also, if necessary, additives being selected from various kinds of 
dispersants, plasticizers, dielectrics, insulators, etc., may be included in each paste. Their total 
content is preferably 10 wt% or less. 

[0030] 

Preparation of green chip 

In case the printing method is used, the paste for the dielectric layers and the paste for the 
internal electrode layers are laminated and printed on a substrate such as PET. At that time, one 
of the ends of the paste for the internal electrodes is exposed to the outside in an alternate fashion 
from the ends of the paste for the dielectric layers. Then, the laminate is cut into a prescribed 
shape to form a chip and peeled off from the substrate, so that a green chip is attained. 

[0031] 

Also, in case the sheet method is used, a green sheet is formed using the paste for the 
dielectric layers, and the paste for the internal electrode layers is printed and laminated on the 
green sheet so that the ends of the paste for the internal electrodes may be exposed in an alternate 
fashion from one of the ends of the paste for the dielectric layers and then cut into a prescribed 
shape, so that a green chip lis attained. 

[0032] 

Binder removing process 

The conditions of a binder removing process before baking may be ordinary conditions, 
and in case a base metal such as Ni or Ni alloy is used as the electroconductive material of the 
internal electrode layers, the following conditions are especially preferable. 

Temperature rise rate: 5-300°C/h, especially 10-100°C/h 

Holding temperature: 200-400°C, especially 250-300°C 
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Temperature holding time: 0.5-24 h, especially 5-20 h 
Atmosphere: in the air 

[0033] 

Baking process 

As the baking atmosphere of the green chip, in case a base metal such as Ni, Cu, or these 
alloys is used as the electroconductive material, an atmosphere mainly composed of N2 is used, 
and 1-10% H 2 and a H2O gas being obtained by a vapor pressure at 10-35°C are preferably 
mixed. Then, the partial oxygen pressure is preferably 10" 8 to 10" 12 atm. If the partial oxygen 
pressure is less than the above-mentioned range, the electroconductive material of the internal 
electrode layer is abnormally baked and cut halfway. Also, if the partial oxygen pressure exceeds 
the above-mentioned range, the internal electrode layer tends to be oxidized. 

[0034] 

The holding temperature during the baking is preferably 1 100-1400°C, especially 
1200-1300°C. If the holding temperature is lower than the above-mentioned range, the 
densification is insufficient, and if the holding temperature is higher than the above-mentioned 
range, the internal electrodes are apt to be cut halfway. Also, the temperature holding time during 
the baking is preferably 0.5-8 h, especially 1-3 h. 

[0035] 

Annealing process 

In case the baking is carried out in a reducing atmosphere, it is preferable to anneal the 
CR compound electronic component chip. Annealing is a treatment for re-oxidizing the dielectric 
layers, so that the IR acceleration life can be considerably prolonged. 

[0036] 

The partial oxygen pressure in the annealing atmosphere is preferably 10* 6 atm, especially 

5 8 • 

10' to 10" atm. If the partial oxygen pressure is less than the above-mentioned range, the 
re-oxidation of the dielectric layers is difficult, and if the partial oxygen pressure exceeds the 
above-mentioned range, the internal electrode layers tend to be oxidized. 

[0037] 

The holding temperature during the annealing is preferably 1 100°C or lower, especially 
500-1000°C. If the holding temperature is lower than the above-mentioned range, the oxidation 
of the dielectric layer is insufficient, so that the life tends to be shortened. If the holding 
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temperature is higher than the above-mentioned range, the internal electrode layers are oxidized, 
the capacity is lowered, and the dielectric base is reacted, so that the life tends to be shortened. 
Also, the annealing process may consist of only the rise and drop in temperature. In this case, the 
temperature holding time is zero, and the holding temperature is the same as the highest 
temperature. Also, the temperature holding time is preferably 0-20 h, especially 2-10 h. As the 
atmosphere gas, humidified N 2 gas, etc., are preferably used. 

[0038] 

Also, in each process of the above-mentioned binder removing process, baking; and 
annealing, for example, water, etc., may be used to humidify N2, H 2 , or mixed gases. In this case, 
the water temperature is preferably about 5-75°C. 

[0039] 

The binder removing process, the baking process, and the annealing process may be 
continuously or independently carried out. 

[0040] 

In case these processes are continuously carried out, the atmosphere is changed without 
cooling after the binder removing process, the temperature is raised up to the baking holding 
temperature, and baking is carried out. Then, cooling is applied. When the temperature reaches 
the holding temperature in the annealing process, the atmosphere is changed, and the annealing is 
carried out. 

[0041] 

Also, in case these processes are independently carried out, in the binder removing 
process, the temperature is raised up to a prescribed holding temperature, and after holding for a 
prescribed time, the temperature is lowered down to room temperature. At that time, the binder 
removing atmosphere is similar to that of the continuous process. Furthermore, in the annealing 
process, the temperature is raised up to a prescribed holding temperature, and after holding for a 
prescribed time, the temperature is lowered down to room temperature. At that time, the 
annealing atmosphere is similar to that of the continuous process. Also, the binder removing 
process and the baking process may be continuously carried out, and only the annealing process 
may be independently carried out. Also, only the binder removing process may be independently 
carried out, and the baking process and the annealing process may be continuously carried out. 
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[0042] 

Terminal electrode formation 

The paste for the terminal electrode layers is printed or transferred to the chip obtained as 
mentioned above and baked, so that terminal (external) electrodes are formed. The baking 
conditions of the paste for the terminal electrodes are preferably 600-800°C for about 1 min to 
1 h in a reducing atmosphere such as a mixed gas of N 2 and H2. / 

[0043] 

Plating process 

Furthermore, the chip in which the terminal electrodes are formed is immersed into a 
nickel plating bath or a tin or tin-lead alloy solder plating bath, so that plated layers were formed. 

[0044] 

A constitutional example of the CR compound electronic component of the present 
invention being manufactured in this manner is shown in Figure 1. In Figure 1, the CR 
compound electronic component of the present invention has dielectric layers 2, internal 
electrode layers 3, terminal electrodes 4, and plated layers 5. 

[0045] 

Second embodiment 

In the present invention, the terminal electrodes may also be high-resistance type terminal 
electrodes. In other words, Cu and/or Ni are used as the main component of the 
electroconductive material of the terminal electrodes, and the resistivity is controlled to 
6.9 x 10" 6 H em or more. Furthermore, a resistance component can be easily added in series with 
a capacitor. The high-resistance type terminal electrodes may also be controlled to the 
above-mentioned resistivity by including one kind or two kinds or more from Si, Cr, Mn, Fe, Zr, 
Ru, In, Sn, Sb, Ta, Pt, Ti, Pb, and Bi as the main component and using glass frits as an inorganic 
binder. Also, they may be controlled to the above-mentioned resistivity by including one kind or 
two kinds or more from Al, Si, Cr, Mn, Ni, Cu, Zn, Lu, Sn, and Ti oxides in addition to the 
above-mentioned electroconductive material. 

[0046] 

Another constitutional example of the CR compound electronic component of the present 
invention is shown in Figure 2. In Figure 2, the CR compound electronic component of the 
present invention has dielectric layers 2, internal electrode layers 3, terminal electrodes 4, and 
plated layers 5. Also, the terminal electrode 4 has a resistance value corresponding to the 
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minimum film thickness dl + d2. Here, Figure 2 shows the case where the high-resistance type 
terminal electrodes are formed at both terminals of the CR compound electronic component; 
however, it may also be formed at only one of them. In this case, the distance of the terminal 
electrodes contributing to the resistance is only one of dl and d2. - 

[0047] 

Third embodiment 

In the present invention, high-resistance electroconductive layers may also be further 
installed as second electrode layers in addition to the terminal electrodes. 

[0048] 

In other words, high-resistance electroconductive layers may also be installed after or 
before forming the terminal electrodes. As these high-resistance electroconductive layers, a 
nickel-phosphorus alloy layer, a layer having a zinc oxide, a layer having a chromium oxide, etc., 
are preferably mentioned. More preferably, the second terminal electrode layers are constituted 
by forming a nickel-phosphorus alloy layer, and if necessary, third electrode layers are installed 
to form the terminal electrodes. 

[0049] 

In case the second electrode layers are nickel-phosphorus alloy layers; that is, the second 
electrode layers of the nickel-phosphorus alloy layers having a prescribed resistance value are 
interposed between the terminal electrode layers and the third electrode layers, so that a CR 
compound component having a high-resistance component can be obtained. The composition 
ratio of nickel and phosphorus in the second electrode layers is preferably 0.01-15 wt%, more 
preferably 8-15 wt%, especially preferably 10-15 wt% based on P. If the amount of phosphorus 
being added is too small, a desired resistance is difficult to obtain, and if the amount of 
phosphorus being added exceeds 15 wt%, it is difficult to form a solid solution with nickel. As a 
method for forming the nickel-phosphorus alloy layer, a wet plating, especially an electroless 
plating is preferable. 

[0050] 

Next, the case where the layer having zinc oxide is used as the second electrode layer is 
explained. 
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[0051] 

In this case, a CR compound component having a high resistance can also be obtained. 
The content of zinc oxide I in the layer having the zinc oxide is preferably 40-99 wt%, especially 
preferably 70-95 wt% based on ZnO. In the resistor layer, glass is preferably included in addition 
to the zinc oxide to adjust the resistance value. The content of the glass is preferably 1-60 wt%, 
especially preferably 5-30 wt%. The glass is basically an insulator, and a desired resistance value 
can be obtained by the ratio of the amount of zinc oxide and glass. As the method for forming the 
layer having the zinc oxide, a paste for electrode layers in which zinc oxide and glass frits are 
dispersed into an organic vehicle may be used. 

[0052] 

Next, the case where the layer having chromium oxide as the second electrode layer is 
explained. 

[0053] 

In other words, with the formation of the chromium oxide layer having a prescribed 
resistance value as the second electrode layer, a CR compound component having a resistance 
component in series with a capacitor can be very easily obtained. The chromium oxide layer as 
the second electrode layer is preferably a chromic chromate film being obtained by a chromate 
treatment. The chromium is in a range of preferably 30-90 wt%, especially 50-80 wt% in the 
total metal component based on Cr. As the method for forming the layer having chromium oxide, 
a chromate treatment is preferable. 

[0054] 

A third constitutional example of the CR compound electronic component of the present 
invention is shown in Figure 3. In Figure 3, the third CR compound electronic component of the. 
present invention has dielectric layers 2, internal electrode layers 3, terminal electrodes 4, second 
electrode layers 6, and plated layers 5, and the second electrode layers are high-resistance 
electroconductive layers. Also, its equivalent serial resistance is a resistance value corresponding 
to the minimum film thickness d3 -l- d4 of the internal conductors and the second electrode 
layers. Here, Figure 3 shows the case where the second electrode layers 6 are formed at both 
terminals of the CR compound electronic component, however it may also be formed at only one 
of them. In this case, the distance of each layer contributing to the equivalent serial resistance is 
only one of d3 and d4. 



[0055] 

Fourth embodiment 

Furthermore, in the CR compound electronic component of the present invention, the 
internal electrode and the terminal electrodes may also be electrically connected via a 
semiconductor formation region formed at at least one terminal electrode of the dielectric layers. 
Then, the above-mentioned semiconductor formation region includes zinc oxide and glass. The 
internal electrodes and the terminal electrodes are connected via the semiconductor formation 
region, so that a resistance element is further added, thereby obtaining a higher equivalent serial 
resistance. Also, since the dielectric layer is changed to a semiconductor by the zinc oxide, the 
manufacturing processes are also simple. 

[0056] 

The semiconductor formation region exists between the terminal electrodes being formed 
at the ends of the CR compound electronic component and the internal electrodes arranged with 
a separation from the terminal electrodes without a direct contact, and they are electrically 
connected with a prescribed conductivity. The resistance value obtained by the semiconductor 
formation region is proportional to the distance of a current path passing through the 
semiconductor formation region, that is, the shortest separation distance between the internal 
electrodes and the terminal electrodes arranged at a prescribed interval. Therefore, the resistance 
value being obtained can be controlled by adjusting the distance of the semiconductor formation 
region, so that the resistance value is easily adjusted and can be adjusted with high precision. The 
semiconductor formation region may be formed at one side where the terminal electrodes are 
installed, and they are not necessarily required to be installed at both sides. The constitution may 
be selected in accordance with the required resistance value, etc. In this case, if the 
semiconductor formation regions with the same length are formed at both ends, the resistance 
value is doubled. 

[0057] 

The semiconductor formation region is formed by including zinc oxide in the dielectric 
layer. The method for including the zinc oxide in an unbalanced shape is not particularly limited, 
and a resistor paste containing zinc oxide is preferably spread on a green chip of a laminated 
ceramic capacitor. 

[0058] 

A fourth constitutional example of the CR compound electronic component of the present 
invention is shown in Figure 4. In Figure 4, the fourth CR compound electronic component of 



17 



the present invention has dielectric layers 2, internal electrode layers 3, terminal electrodes 4, 
plated layers 5, and semiconductor formation regions 7, and the semiconductor formation region 
7 has zinc oxide. In this case, the internal electrode layers 3 and the terminal electrodes 4 of an 
ordinary connection side are not directly connected but are electrically connected via the 
semiconductor formation regions 7. In other words, for example, in case the internal electrode 
layers 3 are connected in an alternate fashion with any of the terminal electrodes 4, they are 
electrically connected in an alternate fashion via the semiconductor formation regions. 
Therefore, the resistance being obtained by the semiconductor formation regions 7 is a resistance 
value corresponding to the minimum separation distance d5 + d6 of the internal electrode layers 
3 and the terminal electrodes 4. Here, Figure 4 shows the case where the semiconductor 
formation regions are formed in the vicinity of both terminals of the CR compound electronic 
components; however, one of the semiconductor formation regions may also be formed at only 
one side. In this case, the other internal electrode layers 3 are directly connected with the first 
electrode layers. Also, the resistance value being obtained by the semiconductor formation 
region is only one of d5 and d6. 

[0059] 

Each constitutional example in which the terminal electrode parts shown above have a 
high resistance may be used alone or in combination. 

[0060] 

If necessary, a lead wire is installed in the CR compound electronic component of the 
present invention, mounted on printed-circuit board, etc., by soldering, etc., and used in various 
kinds of electronic equipment such as power supply devices. 

[0061] 

Application examples 

Next, the present invention is explained in further detail by application examples. 

[0062] 

Application Example 1 

BaC0 3 (average particle diameter: 2.0 jam) and Ti0 2 (average particle diameter: 2.0 jxm) 
were prepared as the main raw materials of dielectric layers. The atomic ratio of Ba/Ti is 1.00. 
Also, in addition to them, 0.2 wt% MnC0 3 , 0.2 wt% MgC0 3 , 2.1 wt% Y 2 0 3 , and 2.2 wt% 
(BaCa)Si0 3 were prepared as additives to BaTi0 3 . Each raw material powder was mixed into 
water by a ball mill and dried. The mixed powder obtained was temporarily baked at 1250°C for 
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2 h. The temporarily baked product was crushed in water by the ball mill and dried. Acrylic resin 
as an organic binder and methylene chloride and acetone as organic solvents were added to the 
temporarily baked powder and further mixed, so that a dielectric slurry was obtained. The 
dielectric slurry obtained was prepared as a dielectric green sheet by a doctor blade method. 

[0063] 

As internal electrode materials, Ni powder (average particle diameter: 0.8 jxm), Cr 
powder (average particle diameter: 3.0 ^m), and Mn powder (average particle diameter: 3.0 (im) 
of base metals were prepared, and ethyl cellulose as an organic binder and terpineol as an 
organic solvent were added to it and kneaded by three rolls, so that a paste for internal electrodes 
was obtained. 

[0064] 

As raw materials for a terminal electrode paste, Cu powder (average particle diameter: 
3.0 jxm) of a base metal and a mixture in which 7 wt% strontium borosilicate glass was added to 
the Cu powder were prepared. Acrylic resin as an organic binder and terpineol as an organic 
solvent were added to it and kneaded by three rolls, so that a paste for each terminal electrode 
was obtained. 

[0065] 

Several green sheets were laminated to obtain a prescribed thickness, and a prescribed 
number of green sheets, which were printed by a screenprinting method so that the ends of the 
paste for the internal electrodes might be exposed to the outside in an alternate fashion to form 
the ends of the paste from the dielectric layers, was laminated on it, hot-pressed, and cut into a 
chip shape of 3.2 in length x 1.6 in width x 1.0 mm in thickness after baking, so that a green chip 
was obtained. 

[0066] 

The green chip obtained was held at 80°C for 30 min in the air and dried. Then, the green 
chip was held at 1300°C for 3 h in a humidified N 2 + H 2 (3% H 2 ) reducing atmosphere, baked, 
and held at 1000°C for 2 h in a humidified N 2 atmosphere with a partial oxygen pressure of 
10" atm, so that a chip was obtained. The paste for the terminal electrodes, in which 7 wt% Cu 
and glass frits were added to the metal component and dispersed into an organic vehicle, was 
spread on both ends of the chip obtained, dried, held at 850°C for 10 min in a N 2 atmosphere, and 
baked, so that high-resistance terminal electrodes were formed. 



[0067] 

Next, a nickel plating layer and a tin-zinc alloy plating layer were sequentially formed on 
the sample with each additive composition obtained by an electrolysis method, so that a CR 
compound electronic component was obtained. The electrostatic capacity of the sample obtained 
was 1 nF. Also, for the sample obtained, the ESR was measured. The result is shown in Table I. 

[0068] 

Application Example 2 

Similarly to Application Example 1, except for using Fe powder (average particle 
diameter: 3.0 ^im) instead of the Mn powder as the internal electrode material in Application 
Example 1, a sample was obtained. 

[0069] 

For the sample obtained, the ESR was measured similarly to Application Example 1. The 
result was shown in Table I. 

[0070] 

Application Example 3 

Similarly to Application Example 1, except for using Si powder (average particle 
diameter: 3.0 (xm) instead of the Mn powder as the internal electrode material in Application 
Example 1, a sample was obtained. 

[0071] 

For the sample obtained, the ESR was measured similarly to Application Example 1. The 
result is shown in Table I. 

[0072] 

A pplication Example 4 

Each CR compound electronic component obtained in Application Examples 1-3 was 
used as bypass capacitors of a DC-DC converter and operated while changing the switching 
frequency to 100 kHz-40 MHz. As a result, the capacitors were normally operated without 
causing a voltage variation phenomenon of an input voltage due to oscillation, etc. 
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[0073] 

A pplication Example 5 

Similarly to Application Example 1, except for using P, Al, Co, W, Sn, Mo, and B 
instead of the Mn powder as the internal electrode material in Application Example 1, samples 
were obtained. It was confirmed that the ESR of all of the samples increased. 

[0074] 

A pplication Example 6 

Similarly to Application Example 1, except for changing Ni to Cu powder (average 
particle diameter: 3.0 jim) as the main component of the internal electrode material in 
Application Examples 1-3, samples were obtained. It was confirmed that although the ESR of 
each of the samples tended to decrease slightly, compared with Application Example 1, the ESR 
was increased, compared with a comparative example. Also, the ESR was almost similarly 
increased by using a Ni-Cu alloy (90 Ni-10 Cu). 

[0075] 

Application Example 7 

In Application Example 1, as the pastes for the terminal electrodes, a Cu powder (average 
particle diameter: 3.0 pm) of a base metal, a mixture in which Si, Cr, Mn, Fe, Zr, Ru, In, Sn, Sb, 
Ta, Pt, Ti, Pb, and Bi were added at 10 wt% each to the Cu powder, and a mixture in which 
10 wt% strontium borosilicate glass was added to the above-mentioned Cu powder were 
prepared. Acrylic resin as an organic binder and terpineol as an organic solvent were added to 
them and kneaded by three rolls, so that each paste for the terminal electrode was obtained. 

[0076] 

Similarly to Application Example 1, except for using each paste for the terminal 
electrodes obtained, each sample was obtained. When each sample obtained was evaluated 
similarly to Application Example 1, it was confirmed that each equivalent serial resistance 
increased, compared with the sample of Application Example 1. 

[0077] 

A pplication Example 8 

In Application Example 1, the terminal electrodes were formed and immersed for 0.5 h 
into an electrolytic bath with the following composition, so that second electrode layers of 5 pm 
composed of a nickel-phosphorus alloy (P = 12 wt%) were formed at both electrodes. 
Nickel sulfate 25 g/L 
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Lactic acid 30 g/L 

Propionic acid 2.6 g/L 

Sodium phosphite 25 g/L 
At that time, pH was 4.5, and the temperature was 90°C. Furthermore, a tin-copper alloy 
plating was formed at 3 \im, so that a CR compound electronic component was obtained. The 
electrostatic capacity of the sample obtained was 1 (iF. 

[0078] 

Each sample obtained was evaluated similarly to Application Example 1. As a result, it 
was confirmed that the equivalent serial resistance increased in all of the samples. 

[0079] 

Application Example 9 

ZnO (average particle diameter: 0.5 |xm) was prepared as the raw material for electrode 
layers having zinc oxide. A crystallized glass composed of 63 wt% ZnO, 20 wt% B2O3, 1 1 wt% 
SiC>2, and 6 wt% MnC>2 and a non-crystallized glass composed of 53 wt% SiC>2, 22 wt% B2O3, 
6 wt% Na20, 4 wt% AI2O3, 5 wt% SrO, and 10 wt% CaO as glass frits, acrylic resin as an 
organic binder, and terpineol as an organic solvent were added to it and kneaded by three rolls, 
so that a resistor paste for electrodes was obtained. 

[0080] 

In Application Example 1, after forming the terminal electrodes, the zinc oxide resistor 
paste was spread on them and dried, and a paste for Cu terminal electrodes of third electrode 
layers was spread on it, dried, held at 950°C for 10 min in a N2 neutral atmosphere, and baked, so 
that terminal electrodes were formed. Furthermore, Ni plating and solder plating were applied to 
them, so that a CR compound component was obtained. 

[0081] 

When the sample obtained was evaluated similarly to Application Example 1, it was 
confirmed that the equivalent serial resistance increased, compared with the sample of 
Application Example 1. 

[0082] 

Application Example 10 

In the green sheet formation process of Application Example 1, several green sheets were 
laminated to obtain a prescribed thickness, and a prescribed number of green sheets, which were 
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printed by a screenprinting method so that the distance of the ends of the paste for the internal 
electrodes and the ends of the paste for the dielectric layers might be 10 ^im in total, was 
laminated on it, hot-pressed, and cut into a chip shape of 3.2 in length x 1 .6 in width x 1 .0 mm in 
thickness after baking, so that a green chip was obtained. 

[0083] 

A resistor paste was spread on the green chip obtained by a dip method, held at 80°C for 
30 min in the air, and dried. Then, it was held at 1300°C for 3 h in a humidified N2 + H 2 (3% H2) 
reducing atmosphere, baked, and held at 1000°C for 2 h in a humidified N2 atmosphere with a 
partial oxygen pressure of 10" 7 atm, so that a sintered body was obtained. Thereafter, similarly to 
Application Example 1, a CR compound electronic component was obtained. 

[0084] 

When the sample obtained was evaluated similarly to Application Example 1, it was 
confirmed that the equivalent serial resistance increased, compared with the sample of / 
Application Example 1 . 

[0085] 

Comparative Example 1 

Similarly to Application Example 1, except for not adding the auxiliary components to 
the internal electrodes in Application Example 1, a sample was obtained. 

[0086] 

For the sample obtained, the ESR was measured similarly to Application Example 1. The 
result is shown in Table I. 



[0087] 
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2 Electroconductive material composition (wt%) 

3 Application Example 

4 Comparative Example 1 

[0088] 

As seen from Table I, it is understood that the equivalent serial resistance is increased in 
accordance with the auxiliary components of the electroconductive material of the internal 
electrodes, compared with the conventional laminated ceramic capacitor in which the internal 
electrodes do not have a high resistance, that is, no additive is added, and a required equivalent 
serial resistance can be easily obtained. 

[0089] 

Effects of the invention 

As mentioned above, according to the present invention, a CR compound electronic 
component, in which no special baking conditions are required, baking under the same 
conditions as those of an ordinary laminated ceramic capacitor is possible, the manufacturing 
processes are also simple, the production cost is low, a CR or (L/C) R serial circuit is simply 
obtained, the control of the resistance value is easy, and its manufacturing method can be 
provided. 

Brief description of the figures 

Figure 1 is an outlined cross section showing a basic constitution of the CR compound 
electronic component of the present invention. 

Figure 2 is an outlined cross section showing another constitution of the CR compound 
electronic component of the present invention and shows a state in which both terminal 
electrodes have a high resistance. 

Figure 3 is an outlined cross section showing the third to fifth constitutional examples of 
the CR compound electronic component of the present invention and shows examples in which 
high-resistance electroconductive layers are formed as second electrode layers at both terminal 
electrodes. 

Figure 4 is an outlined cross section showing a sixth constitutional example of the CR 
compound electronic component of the present invention and shows an example in which 
regions for changing dielectric layers to semiconductors are formed in the vicinity of both 
terminal electrodes and the internal electrodes and the terminal electrodes are electrically 
connected via the semiconductor formation regions. 
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Explanation of symbols 

2 Dielectric layer 

3 Internal electrode 

4 Terminal electrode 

5 Plated layer 

6 Second electrode layer 

7 Semiconductor formation region 
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»fcN i . >\>?m<n&&x v*m&mf&. &m 
* v *mmm> zttzx*). mmx&mm.mzti 

fttzfti L<«N i /'\y9cr>miz2mtzm&lt:{>cD 

[00203 *%bb<t)c Rm^m z m&m&i} 
mzo^xwmtz. 

[0021] *wfls>c Km&*ntMt* i-x h $ 
m^fzm%<7)m\m*^-hmzx wj-y+vr* 
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[0022] <nuwmm^-x v yft&wm^- 

X Hi. IM&ig&tt LTN i, Cu £t:UZt\L>cr>£ 
±tZ. M&ftbLXOP. Cr, Fe. Al, Si, C 
o, W, Mn, Sn, MoiiXX/Bff)o*><^ lSULhS: 

U =#n-y^ fcav^itf-A^SrirfciDS^L 

fctt&gmtt^WMIi. 3 0~7 0wt%##sfcU>. 
[0023] WflSAM >-r-fc LTti. fcfcKJgSJU. 
10 i><r)X-ii%< . 5 •>/ 9MW >9-t LTHBtt 
\zmZixX^hi><r)e>*frhm2M&Lxm-ttai 
XW Z(D£o%?m'U y9-tLXit. x^-yHr/U 
o-X. T9V>VWm. 7*7->\s®ti§frt'$:mL< 

mfzzttfx-z. mmtixn. 9-v**-jk 7 

*nm>uy9-. axx/mi(^^mtt. m%m 
ztLX^h&TX<. etLKismtw yr-i-5 

wt%. ^01 0~5 0wt%ggi:-«LtfJ:V^ S&fc. 

[0024] Kmrnttmm^-x h>mmt*mm*.-x 

[0025] fBWWimfcli. SI««c«Wfflj£fcl5t^ 
AiJBv^**^. O^JSL^B aT i 

03 iz. m&ftmmt&iirt&ijmtm^hztvx'Z 
30 h. at. Baco 3 tTi02 tmmwmtnwfe 
%*wkLxwm&z*hm.i:m&m^x %> x 
<. xg&m&m^xtxw ta. *tt&. v>v- 
y>vm. r/^'j;ta*#j)?Su im&&m%kizx*)ft 
tcwmtMmmk<om&to£mtLxiif$.Lxi> 
xw ^rfc. msjHKfifcuu mm*, msuzxm 
mtKhmtetm. mm, mm. i^^wm. 
msm. m^fc&vmyjr%< 1 1 is 

[0026] wmmfwvffitfmi. smt-rm 

ft^tmrm. 3-1. 0*ti SS<7)»*Srffl^ 
[0027] Wfct't ^;HJ. y^^rttlSffJ+fc 

mmLiztcox-bz. ^m:^9Mzm^h^y9M 

izftitX. r;H^^^-;w. 7^-iVij)V\:Y—)V. T-fe 

by. b^ym^mmmmtphmsMmtnix 

50 k\ 
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[00283 <^mm^-x h >®=Fwmm^- 

[00293 <^18h'b^yl^W«>±EL^#^-x 

h*nm&t?>\^^mzmzmmiZi:<. man 
mm. fu y^ii~5wt%gg. mm 

0-5 0wt%fegi : -f*U£.fcl,v > £fZ. fr^-XYMz 

\t. ■miz&ix&mmm. raw. mm io 

[00303 <7>j->i-vTim>%im&m^i$> 
p e Tmvm*±izmwm-h . zntmum 

[ 0 0 3 1 3 ttz. ^-h&SrfflV ISmfcJIJfl 20 
^Sffi-r S J: a tcEPJgiJ Lfc t <D£«Jf L , }3f59IMKfc«J 

[00321 <wu yynmm>mm\izfr^m 
fUyy^m^mm^^xh-yxx^ifi. m, 
nm<mmmzN i *n i &&m<o&&mzm^z>i% 

: 5—3 0 OXX/USS. #tl0~10 0t/ 30 

2 0 0— 4 0 0*C. &K2 5 0— 3 0 0*C 
iag»l^fa:0. 5-241513. #(C5~20^ 

[00333 <Ml«Xg>^'J-y^ y T««l%0#H 
^tt. mmtb LXN i , C u &fz\iZtlt>cr>*r&mc?> 

H 2 1-10%. lO-3 5t:fci>ttl.*aimEfc:J:-5 

x. mm#mi. io-»~io- 12 ss&t~r&z\ttf# 40 
imittzmmzbh. 

[00343 tm&wm&mi. iioo~i4oo 
"C. ftfcl 200-1 3oox:t-r&ztvi&£L\,\ 
m&&tmmm*mx-b h t mm.ipf-Htx'h 
0 . mmmzmt h t . ftffimtmwi^K % 
s. tiz. mm(o&g.m*imte. 0. 
ZHzisimtfmLw 50 
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[00353 <r--)uxn>mm.mw§.'t>x'mf$.L 

tfxoJSUST'* 1 ). ^iitJ:'?lRJllW#^L<^< 
■t&ZttfXZt. 

[00363 T--iUmm*(OWmttEli. 1 0 ^ 
BEULh. ^fclO-s-lO-s^Efc-rs^tAS^L 

[00373 T--/M7M<MmEmii. 1 1 0 ox:ja 
T\ &IZ5 0 0-10 OOKlk-t&Zttftt&L^. # 

t%-?xmtim<%&mfoizt><>). msmtmih 
tftm-mmwmti. ®mimTtzmx'%<. m 
mmmtsjBLxtiw mti>m<%&imiz$> 

lxi>£\\ z?)%r£, m.mmsttmxh*). 

o~2oi$ia. »£2-io«sisi#ff*u>. %wm 

[00383 ±iBL^N''f >y%m. m&&£ 

VT--tl><r>&xmizt5\^x. N 2 . H2 ^g^x^ 

v\ z\<n®&. *ffl<i5-7 5x:gs*<e*Lv\ 
[0039] ir^*^ >y®mxn. mssxm&xvT- 

[00403 ^n^>S:5^LTff^9^ K/^yr 

)\sXmTO$ffi£&tz»Lt: b # tc#fflMi&^LTr 
[0 041 3 i^?raiitTlf*d^«. 81 

yyww^te. imLxmi%r£tmm%h<?>t?z>. 
w^yyiMb. m&mtzmtLxft 

\\ T~-^xmtH-nm.LXfroXoiztXtX 
<. >?j:WzVt:m.LXfr\\ m$JMtT 

-->\sxm*imLxmxoizLxi>£\,\ 

[00421 <3&?mffi»j£>±E^J; o iz LX%t>tl 

xm.L. set (7tgs) ss^bk-ti.. sg^asffl^. 

^>S7ctt#iBgv+T- 6 0 0-8 0 0X:izX 1 d^- 1 
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[00 4 3] 0<7*Ig>$*>£> ftTW&ffif&Z 
[0044] Z(OXo£Lxm&Zii&. *36"9J<OCR 

[ 0 0 4 5 ] <m 2 ^Htt^®>*^-Cli. STF«ffi 

i£#6. 9xi0- 6 QciOtk&£J:5fc$Wt£C: 
k-C. ^fc^tcnyry^kitflfcffi^MHnrt 

s^k**?**. zcvmmmm : mmit. »^l<« 

S&KSi. Cr, Mn, Fe, Z 
r, Ru, In, Sn. Sb, Ta, Pt, Ti. Pb 
fcitfBim«afc»i2«l;LL^W$i*\ £188r& 
#k iXifyXy y >y h£#i-S£kr±IEtfcffitSk U 
Tt>«kv\ sfcfc. fragSttfc&n*. A 1 , Si, Cr, 
Mn, Ni, Cu. Zn, Lu, SntSJlfTiKflatl 

<*> i m t m 2«a±*^rtrs** c k -cijaitigfiik 

[004 6] £<0«fc3$\ *^iOC R^^i^fnCO 
f6<OtiWt0!£02|;^\ 02fci>WC. *JWfc>CR 
ateVFStfHi* StmfcE 2 k . rtSWffiS 3 k „ *F 
m«4k. *-y*Jf 5k£3TtS. 3g^SS4 
ti. ft/MWd l +d 2£jSfc£8aStf k&S. id 

[0047] <m3<vmimm>*miTi*zt>tz. c 
[0048] -t%h*>. ysff-wmm.. 

ff£>*u «kO«*L<Ji-/^-yy^fe^^«u 

[ o o 4 9 ] %2 nmmz- v 7->v- y y-^&i k-r 
-r**>*>. s&fme«k^3<omg®k^ 
ms^gstttir^rti.- >/ y v^m<m2 

VytfPmx-0. 01-1 5wt%. J:9#£L<li8 
-1 5wt% s #£10-1 5wt%<08B##£ u>. y 
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y^aanft#4*5rt§r£k. jfta<9Sa5i##<c>*ilt< . 
'JyWjSJni* 5 ! 5wt%$-j@tSk--y^fc@j8Lil 

[0050] mz. mftm&ttt&mz. m2comm 
[0051] ^o^-tt,, $ ^t©v«tt^?rirr 
^■hmizn^hmm^y^^mM. # 1 i < «z n o 

10 &SX4 0-9 9wt%. 8fc7 0-9 5wt%##a L 
mtlXit. #£L<lil-6 0wt%. 1tt5-30wt 

%mtL\,\ ifyxiimmMtt&mxb*). mt 
w&tmxnmtoz*. mmnmm.mzzttfx' 

[005 2] JJcfc. m2<vmmbLX. Kft^oAS: 

20 ttkmzMtf&h&sizo^xmmth. 

[oo53j mfcco&im&iii-rzMtt.ta 
j±m*m2<r)mmmtLx&mhzti,zii*) . ®6t 

yr>^-kit?iltcfiJSJS^5-^rt& C R«^5 
,fpk-rSik*«-C^5. d<D^2^«ffiS-C*>SBKb^ 

T'^JB^tf^SO— 9 0wt%> ^FtC5 0~8 0wt% 

30 [0054] Z<7)± o ^T. *IMH<7)C Rm-SWrffihO 

3<ocR«^«^a{i. stmtt«2k, rt««syi3 

k. Sg?«S4k. ^2<0Sffi«6k. *»/*«5k£ 

^2<nmm\imm<mmmxbt. ttz. 
zmmmssai. mmm^tm2<nwme<nB. 

A^d3 + d41Zftl1zmm.t%&. ZZX\ 03 
liS 2 OSSW 6 ^ C R«-&m^r«5a^M*<03g^ fc» 

fSLbxi>x<. %<nn&. ms&mmjizm--thm 

40 tfDSJ8Jid3AS^{id4W^-rn*>-*0^k^5. 
[0055] <34 ^Hte^©> $ ^tc. 18ffi\<r>C R 

'j?%< k i>-*<om?mmm&ztifi:¥m#{m$i 
zitixwssMzwmLxi>£\,\ tlx. mvmi* 
mmiz\im&&t#yxtztt-r&. nmm&t 
m-mtet * . *m&{m®&it ixwmt ztizx 
£ t= izmmmfftmztiz, ztt**). x*)^ 
mmm&mn&zttfxzz. tti, mmmm 

50 l. 
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[0056] ¥m&{mm±. c R&&&?&wn9g® 
ztit> mfecrfcmm?wrMz&%i-t& x a £Btf& 

xsm ztifzfiismm t <&Fm t cmmmssmizit 

fctcto. ^K&mmzwm-&zttfTZ. ma 
mmm®%izti:ht*Az. immzmm-h^ttf 

iz&m-th&mi&w. <m%mmmizx o ^-rti 
fr<»mitLt:mBmtiix\\ ss^jgastn 

felz%h. 

[0057] ¥#ftfcfKlg»i. ffim«fc:eflSgi8S:# 

77t. mam fist*^-* y- zmfimi- 
tiaxw 

[00 58] Z<OXo%. *3WI<r)C Rlfc&m^ffaO 

mAcnmmmwzTFt. miiz&^x. *m*?>m 
4 <oc Rs^ipg&ftfct mrn&m 2 1 , i*js?m©i 3 

#u ^«<*fl:««7«eftffiffi$-#ts. 

as^»i3JiiiSSSR5fLSH«SS^^ffi4 fcliMgft 
^*^fS«7«r^LT«mWfc«^$tJ- 

s. mtrjis. rta5«ffii3*«3£5fcv^-rtL 

*H0S^FSg4tfi^$ilTV^^{c«. 

LTm^WK&g^fti.. Sot. 
<MW7fcJ;Dtl&h.*iH»i. rtSi5Bfi^3t3g^« 
«4c7)S/J^gOEfiid 5 + d 6 tjStfeJSiitti:^^. 

x *)ftL>tiz>mnmt. d 5 ifcttd 6owf 

[0059] UL£fi^L£^1B^£iSfiiM;bfc# 
[0060] *W9XOC R*£«HMMi. mizf&t 

x v-vwmvtti. '^yymizx > hm& 
itctizmt&ii. wmw%t'<»&wm?ismmtz®. 

[0061] 

i$mm &£.mimi*L. *mzx vmtmizm 
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[0062] <mwi>wm*mcr>3iBmtLxBai 

CO3 Wmtg;: 2. Ofim ) nXX/TiOi 
g: 2. Oum ) £JBSLfc. B a/T i Ogff 

1. OOT'AS. iiltjDi.T. BaTiOa fc 

JtLaanfRlfcLTMnCOa 5:0. 2wt%. MgCOs 

£0. 2wt%. Y2O3 5:2. lwt%, (BaCa) S 

iOs 5:2. 2wt%£JBSU:. #lff«»*£-*4itf- 
^S^TS^-L. ^fl/cS^* 1 2 5 0 

X:T2^S<SMLfc. icDa^****-/^/!^ 
10 #U SBiW:. #^ftttRSa»fc. HWUyy-t 

LXTtvmmt. ^mmttxmit^^ytr 

^h>£totXi$t><izM£L. mmtXyV-tLiz. 

[0063] rtSimSWBfc LT. #&g<DN i tifefc 
0. 8*ti ) i:Crt&*<^£g: 3. 
0/ii ) tMn»* <¥%t&g: 3. Ox/i ) fc£JBS 

Tmmrntixt-vtt-friiiai. 3*0-^$-^ 

[0064]3&?mffi^.-XhffllK^fcLT. 
Cut»*(¥^S: 3. 0//« ) Cu»*t*tL 
T*«>^ »X h UV1r*7J±il=7X* 7wt%ma lit t 

(oimmttz. ztitzimvyy-tLXTtvfr® 
&t.mmmtLx?-v**-frt:mi. 3*0- 
;^fflv^TS8EL. z-m-rnm^-xhtuz. 
[0065] m^^m^mtDbizyv-y^-h^ 
mmmL.^eo±izx^v-y^mizx*)mmm 

30 iz9mizsm^lXo^m^irJzy*J-y>—h^m 

%8mtmt. mmztowm&nmmztix^^yv 
-y~>-h£i>im3mmi. msmi. T-vrmt 
v.msmizm-xmxm-ifis. 2x1. 6x1. on 

t^tXoizmiL. y-O-y+vTZnt:. 
[0 066] ^tlfc^'J-y^-yTt-. £$tt»£8 0 

x:x3o%msLx&muz. »cv^ jdsl^n 2 

+H2 (H2 3%)Stc»H^+. 1300X:tT3^ 
Sfi^#LT^flEL. JdSU:N 2 R^^El o 

- 7 Mff^#Hmfc:-ci0 00X:fc:2i^ffi»L. f 77 
40 Km*:. ®t>tUZl-v7to<WimSHz. 

X7U-vh&^Rfi!t^(c*rL7wt%^]!niL. Ztihtt 

u last. n 2 #H^«f . 8 5 oxrei o^fs^L 

[ 0 0 6 7 ] #<i>ft^#W!jaji!t^y7-;P 
iTJt^y7";K?>»®g*{il^FT'&->t„ i;t. 

50 
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[0 0 68] <mtM2>mtwi£ii^x. mwfc 

mt LX. Mn|&5fcCIUTFe»5fc (¥%f4g : 

[0069] n^tifzyyTMz^xmm 1 1 
[0 0 7 0] <mtm3>mtmnzti^x. rtsssg 

mt LX. MntoMzKlXS i»* : 
3. Oum ) fcLfckO£fflV^teliliifcmi:fi«fc 

[0071] &htdz*rv?Mz-ouxmm\ twm 
[oo72] <mmA >mmm isxm^t^^c 

fT^fc UCfflV\ *4 •>/ +V?fm&& 1 0 0 kHz 

^4 0MMz$z{tzitxmftZttkz?>. mmtx 
[0073] <mmi5>mnmnzti^x. rt&mffi 

ttftblX. MnffijfefcfUTP, Al. Co, W. S 

n, Moi5£VB£zti-?iim^fcmtmmitmm 

LX^>7)Vi:Wz kZZ>\ vf*uWV7Vl't> ESR 
[0 0 74] <HifeM6>Hig0!l~3tctJ^T. 

mmm&nfttti incuts* 3. 

o/x. ) tcftt^ffiliUM^IifcliafcU'C^yT-;^ 
^v^wry7Vi,t>|£jfc0ii J: 0«=fE SR 

SR^itSDLTV^Clfc^ig^il^. Ni-C 
u^(90Ni-10Cu) SrttV >T i«Bra«£E 

sRmiJnLfe. 

[0075] <mwi7>mmitz&^x. sshpss 

ffl^-XhtLT. *^R^)Cu|»*(T^4g: 3. 
Ojui ) fc. CiOCuftjfcfcttU Zii-etiS i . C 
r, Mn, Fe, Zr, Ru, In, Sn, Sb, T 
a, Pt, Ti , PbfcJ:tfBi£#l 0wt%. fcitf 

-tLXT?o/uamt. immtLx?-'e**- 

[0076] ft^iiz&m-wm^-x h m^fzm 
Kmfomikm%uzix&v>T!\,mt:. mtit:& 
wtmz^x. mmi twimizixmsttikz. 

mm 1 mvr^x 0 . %K?tvmsmm& 
wsaLx^&zttfm&ztitz. 
[0077] <mMm>$mmuz}i^x. <&rm 
zBtfiLiz®. Tm&onfmwzo . 5mmmi 

-7^-'JV^ (P=l 2wt%) *6&«ft2o« 
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SJK 3 0 g/'J y htU 
TW*>m 2. 6g/VvhJV 
&&0>&Th>J*7& 2 5g/U-yh;P 
w^t^<7)pHJ±4. 5T\ aSJ49 0X;fS>-5Jt. 
fc. *X-ffr£&*y*£3jui S?j£U CRS^m^P 

&t>tuzv>7ti<cr)mmmt iufx$> 

[0078] *Mifc#9-y7Vi'icov vc. mm 1 i: 

10 peitcLT^fiL^k^^.. ^-nxm-yr^mm 
[0079] <msw 9 >saiaitB£3rts*©imE 

Efcl/C. ZnO 0. 5um ) SJBSU 

.TftKtf^X^'Jy hfcLTZnO : 63wt%. B2 O 
3 :2 0wt%. SiC-2 : 1 lwt% % MnOj : 6wt% 
tf>*Sigrfc#5Afc. S iC-2 :5 3wt%. B2O3 :2 
2wt%. Na20 : 6wt% s AI2O3 : 4wt%„ Sr 
O : 5wt%. CaO : 1 0wt%c0^Sfl^f7Xi: . # 
>r-t LXT? VMURb* msmt LX? 
20 -ttt-tHMz.. Ztit>£3*v-A> : S:m^Xigm 

[0 080]HttWltc:fc^T. Sg^SSSrmL^ 

ffiSffl<0Cu3g^Sffiffl^-^h^^B |gfi|L, N2 

<o+tt#a«+. 9 5ox:-eiojH^fLTS&£U 

[0081] #^^-^>-7-^fco^T. UttM 1. tm 

mizLxmsLtetzz. mmi<rrt-v7)vtznL 
30 t. mmmm^mM tx^&zt tftmztvt: . 
[0082] <HJ*0lio>iiitWi<o^'jy>'-h}e 

i'-hm&mmmu mttzft&w&omiztix 

»/7mm. mimi,zmxmxmw3 . 2x1. 6 x 
1. omt^hxoizmu r-v-yi->y7Z® 

40 Jt. 

[0083] mtuz'/v-y^ yriz. gim^-z 

Mr. Ti •y7m£m^XmtiV. ^+^8 0^3 

ottmm.ixw$iit:. <x^x\ tmttiKi +h 2 

(H2 3%) jfTcHIISv'K 1 3 0 0X:fcT 3I^Sfiyt 
LTMBSL. JD§U:N2 l^^ffilO-'mE 

w#h»(ct 1 0 0 ox:&2*mmL. mm*m 
Jt. ^offejiHitwi tmmizLxcRm^m : ms^) 

[oo84] &e>ttfz+rv7Mz^x. mmitn 
50 mzLxmmLKkzh. mmioyyrMznh 



( 

1 5 

[oo85] <it<mi>mmnuzt>^x. rt&ss 
mt lx. mm^miL^^coirm^miimsi 
m 1 1 mmz Lx^-vr^nti. * 

* 
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* [0086] mhtvrzwrMz^xmm imm 

[0087] 

can 



aaMflAimo esr 

Ni Cr Mn F. Si (iQ) 



settai 90 a 2 - - 107 

*J8« 2 90 8 - t S5 

£*H3 90 8 - - t 208 

Jt«W1 100 - 0.5 



[00881^1 frt>Wt>fr% J: a fc. rt&€ffi£i«£ *ffi!W6BT\ MfrO^Bffi£KMbLfc*t@£^L 

%£.%t>tihzt&hfrt>. t LxmsMitv-^mmi^mim&Ltzmvhh. 

[oo89] 20 [B4 ] *wmc Rm^mshcome^mmi^ 

bw-^rx-coimm^x'h*). tssxetfsjrc. ft&fmti^w&zm5mtz®WiLizmx'3>&. 
&mztx h i>&< . c Rttti < l/c > Rwmmm* v&wam 





2 




im&XTftcrmgrfimzm&x'Z a . 


3 






4 




[Hi i *m&cRmimi^ a <?m^fo*n?m 


5 


•- 


mmmxhh. 


6 


fg2tf)llffi)g 


[02 ] *mi<?>cRm&ni^ a crMn®f&z*:?mx3o 


7 





[01] [02] [03] 
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[04] 





mmm mm urn 



